The survivor function reports the probability of a firm of surviving beyond time t (the moment of observation), that is the probability that there is no failure event (a "death") prior to t. The function is equal to one at time t=0 and decreases towards zero as time (t) goes to infinity. Considering T a non-negative variable, denoting the time to a failure event ("death") , in this case given by the time taken by an enterprise to exit the market from the moment of entry. The survivor function is thus represented by: ( ) ( )
( ) Pr S t F t T t = − = >
With ( ) ( ) Pr F t T t = ≤ being the cumulative distribution function.
The hazard function or the conditional failure rate is the instantaneous rate of failure. It is the (limiting) probability that the faileure event ("death") event occurs in a given interval, conditional upon the subject having survived to the beginning of that interval, divided by the width of the interval: 
is the density function.
The hazard rate measures the rate at which risk is accumulated and can vary from zero (no risk at all) to infinity.
The integral from 0 to t of the hazard rates is known as the cumulative hazard function ( ( )
H t ). It records
the number of times failures were observed over a given time period.
In practice, to estimate the survivor function, ( ) S t , that is the probability of survival past time t or, equivalently, the probability of failure after t, the non-parametric Kaplan-Meier estimator was applied. For a dataset with observed failure times, 1 ,..., k t t , where k is the number of distinct failure times observed in the data, the Kaplan-Meier estimate at any time t is given by:
n is the number of enterprises at risk at time j t and j d is the number of failures at time j t . The product is done for all the failure periods, departing from time t.
The most common estimator for the cumulative hazard rate is the non-parametric Nelson-Aalen estimator, which is defined by the sum of the instantaneous ratio of the failures over the number of enterprises at risk. This estimator is thus given by:
Survival and hazard functions for the all economy
In Table 1 , we estimate hazard duration and survival functions for the Portuguese economy as a whole. The survival function shows the probability of survival, considering that the firm has been active during a certain period, and the hazard function shows the probability of "death" throughout a given period of time.
According to this This data also reveals that after six years of activity, almost 50% of the Portuguese enterprise population was still active. In Portugal, the estimated median duration of a new born enterprise lies between 5 and 6 years ( Figure 1 ). After 18 years of activity, only 22% of employer enterprise start-ups were still alive or equivalently, almost 78% had already exited the market. 
The Nelson Aalen Hazard Rate, or the risk associated to the probability of death is calculated according to the following formula:
, described in section 2.1.
In Figure 1 , we depict the smoothed hazard estimate or unconditional hazard function for the total economy. This function exhibits an inverted U-shape, with a maximum around the sixth year of activity ( Figure 1 ). This means that, after a firm enters the market, the conditional probability of failure increases continuously until the sixth year. After the sixth year, the hazard rates decline steeply. Such pattern is similar to that found in other economies, such as Italy (Audretsch et al., 1999) , the UK (Bhattacharjee, 2005) , Germany (Wagner, 1994) , UK, Italy and the US (Bartelsman et al., 2005) and Spain (López-Garcia and Puente, 2006) . In all these cases, the maximum of the unconditional hazard function is reached before the sixth year, indicating that Portuguese firms keep on failing for a longer period, before the hazard rate starts declining. Table 2 presents the results for the non-parametric estimation, for each of the seven Portuguese NUTII regions. This framework explores the relationship between age and the regional hazard of exit.
Survival and hazard functions across regions
In line with the results shown previously for the total economy, over 85% of newly born employer enterprises remain active during their first year of activity in all regions. The one-year survival rate varies from a low of 85% in the Açores, to a high of 87,5% in the Centro region, meaning that the new born enterprises died more prematurely in Açores than in other Portuguese regions.
Table 2 also reveals that the survival gap between the two extreme regions grows systematically with time. Within 6 years of activity, the region Norte is the only one with less than 50% of enterprise survival probability, lagging behind all other regions in terms of enterprise survival.
On the other hand, Centro has a higher survival rate than the economy's average. It is the region where more firms manage to survive longer throughout the period considered in this study.
There are also clear disparities between regions, in particular between Norte and Centro, in terms of median duration survival. At the end of the analysis period, Norte is the region that presents the lowest survival rate, with only 20,7% of the firms' population managing to survive after eighteen years of activity. In Centro, in turn, 27,4% of active start-ups are still alive after 18 years. The median duration of firms at the regional level (Figure 2 ), is below seven years for most regions, except for Centro (around the eight year).
The disparities among the Portuguese regions are confirmed by equality tests. Both Log-rank and Wilcoxon (Breslow) tests allow for the rejection of the hypothesis of survival equality among regions 4 .
Figure 2 -Smoothed hazard estimate by NUTII, 1987-2005 (%)
Source: Own calculations based on Quadros de Pessoal, GEP, MTSS.
Survival and hazard functions across size classes
A general finding in the literature is that most firms start small, live small and die small. According to , Portugal has the highest share of enterprises births in the 1 to 4 employees' size class. Small firms in Portugal are also being created at a faster pace than larger firms, gaining share in both enterprise and employment (Sarmento and Nunes, 2009 We find that smaller firms exhibit the lowest survival probability (Table 3) . More than 15% of micro firms with fewer than 5 employees "die" in the first year of activity (only around 85% manage to survive), whereas large firms with over 250 employees, have a much higher survival rate, of 93,9%. Differences between size classes are significant. Conditional on overcoming the first ten years, the smallest sized firms are the only ones to have a survival probability below 50% (31% for the 1 to 4 size class). Over time, the gap between the smallest and the largest firms' survivor rates widens. The bigger the firm, the higher the probability of survival. Differences in hazard rates across firm size classes are particularly evident in the early stages of a firm's life (Figure 3 ). The regional disparity, observed in the previous section, is also confirmed among different size classes. The equality tests performed allow the acceptance of the hypothesis that firms present distinct survive performances according to their dimension. The largest size class reveals some deterioration in its survival capacity after the 12 th year of activity, depicted by the "overshooting" of the hazard estimation function. Smoothed hazard estimates, by size class
Survival and hazard functions across broad sectors
Our analysis now turns to the question of whether failure rates vary according to industry membership. Table 4 shows survival rates at different lifetimes across broad sectors for a period of ten years (after 1995 due to the start of European System of Accounts of 1995, and up to 2006 due to the problems of compatibility with Classification of Economic Activities Revision 3, introduced in 2007).
Enterprises operating in the construction sector have the lowest survival probabilities over all this time period and show the greatest survival gap between the first and its tenth year of activity (a decrease of 55,1 p.p.). Its hazard peak is reached within the first 4 years of activity (Figure 4 ), but survival tends to decline faster than in other sectors. On the other hand, the agriculture sector has had the highest survival rates up to the fourth year of activity. The smoothed hazard estimate shows that in the service sector, the probability of "death" increases steeply within the first three years, but the hazard peak is reached sooner than in other sectors. Following this point, an increase in age, brings about a flatter probability of failure at the lower end of the distribution (Figure 4 ).
The existence of disparities among the Portuguese regions is also confirmed by the equality tests performed. Both Log-rank and Wilcoxon (Breslow) tests allow for the rejection of the hypothesis of survival equality across broad sectors. 
Final remarks
In our analysis, we find that around 25% of enterprises entering the market fail within the first 2 years of activity and that more than 50% fail within a period of six years. We have also found that the instantaneous probability of exit is monotonically decreasing with firm size and that, after entry, the conditional probability of failure increases continuously up to the sixth year of activity.
Breaking down by region, sector and class dimension, we identify statistically significant disparities. As for the regional dimension, it is worth noting the disparities in terms of median duration survival, in particular between Norte and Centro. Within the first 6 years of activity, the Norte is the only region registering less than 50% of enterprise survival probability, lagging behind all other regions in terms of enterprise survival, while Centro is the region where firms survive longer throughout the period considered. We also observed that the survival gap between the Norte and Centro has been systematically increasing during the period .
As for the firm dimension, we found a significant relationship between size and chance of survival. This is particularly observable for new start-ups, who face the greatest uncertainty regarding market conditions (this accords to Jovanovic, 1982 , who stresses post-entry learning as a fundamental determinant of firm performance and survival).
At the sectoral level, we find that firms in the construction sector exhibit the highest risk of failure. Firms in the service sector, in turn, display the highest survival rates. The services sector also exhibits a tendency for the hazard peak to be reached sooner, which means that chances of survival relating to firm age, start increasing sooner than in other broad sectors.
